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Abstract 
The development and use of decision support systems for forest management (FMDSS) have considerably increased worldwide 
in the last decades in accordance with the recognition of the multifunctional role of forests. The Vegetation Dynamics 
Development Tool (VDDT) and Ecosystem Management Decision Support (EMDS) system are used for forest planning purposes 
in the Pacific Northwest Region of the United States Forest Service (USFS). Lessons learned have been explored using case 
study methods. Important working knowledge derived from success or failure according to the users’ perspective concern data 
availability for modeling, expertise needed to run the tool, the models' level of resolution, and communication between the 
modelers and the team involved in forest planning. Lessons learned coming from developers highlight the success of the DSS 
evaluating the models' characteristics, the tool's innovation and the integration of the best available science into the models. 
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1. Introduction 
Since at least the early 1980s, forest management has been a hotbed of decision support system development [1]: 
first-generation systems were typically designed to address singular problems (silvicultural, suitability of tree 
species for reforestation, disease problems, etc.). 
In subsequent years, the need to address multiple demands for goods and services from forest ecosystems while 
not precluding opportunities for future generations [2], resulting in the birth of the sustainable forest management, 
led to the development of multifunctional systems with broader resource application. The needs of forest owners, 
public institutions, forest industry, and society at large to address the complex issue of sustainable forest 
management helped to foster this development [3], supported by the rapid progress in computing hardware and 
software systems engineering. The use of DSS in forest management may improve the decision making-process in 
all of its phases (intelligence, design, choice and implementation) and can support the choices that managers have to 
make considering the multitude of purposes of forests. 
The European experience with developing and applying forest DSS seems to have reached a level of maturity 
such that the COST, one of the longest-running European frameworks supporting cooperation among scientists and 
researchers across Europe, funded for the period 2009-2013 an Action focused on FMDSS, named FORSYS. The 
main objective of FORSYS was to develop guidelines for the development, testing, evaluation and application of 
FMDSS in multifunctional forestry. The scientific literature on FMDSS has traditionally been more focused on 
conceptual and application development than the use of these systems. Consequently, as one contribution to the 
overall FORSYS objective, researchers compiled a number of case studies to identify and share lessons learned 
concerning the development and use of FMDSS in the European COST countries and also in countries outside 
Europe, like the United States [4]. 
A case study provides a systematic way of looking at events, collecting data, analyzing information, and 
reporting the results. In such a context, descriptive case studies were conducted concerning the use of the VDDT and 
EMDS systems for forest planning purposes in the Okanogan Wenatchee National Forest (OWNF), a forest 
managed by the USFS located in the state of Washington (Pacific Northwest Region of the USFS). Important 
observations have been identified during years of VDDT and EMDS system usage by managers, analysts and 
developers who have accumulated experience which was used to structure the case write-up and synthesize some 
powerful and sometimes painful lessons learned along the way. 
A lesson learned is knowledge or understanding gained by experience, that must be applicable in that it identifies 
a specific design, process, or decision that reduces or eliminates the potential for failures and mishaps, or reinforces 
a positive result [5]. Lessons learned is one of the common techniques used to transfer and share knowledge [6], and 
for this reason this approach was chosen to collect generalizations, based on evaluated experiences, for the drafting 
of guidelines for the development, testing and evaluation as well as the application of FMDSS in multifunctional 
forestry. 
The paper is organized as follows: in section 2 notes about the research plan, and study context are given; in the 
section 3 objectives, use, and lessons learned from the application of each systems in the OWNF plan are described; 
in section 4 the conclusions are presented. 
2. Materials and methods 
2.1. The research plan 
The research activities carried out to achieve the purposes of the present study were organized by structuring the 
research plan according to the DSS case study method suggested by [7] (Fig. 1). 
The first step was the case selection. FORSYS researchers were encouraged to document FMDSS applications 
that they had experience with or connections to. The second author (Gordon) worked with individuals involved in 
the use of VDDT for OWNF planning, and the third author (Reynolds) had some involvement with the application 
of EMDS to the forest. 
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Fig. 1. Case study method research plan (after [7]) 
Once the cases were selected, the second step was the collection of data. Documents related to the planning 
processes (papers, internal documents, brochures, etc.) about the use of VDDT and EMDS in the context of the 
National Forest Plan (NFP) revision and forest restoration strategy of OWNF were reviewed. Subsequently, 
different questionnaires were elaborated, with each one designed for the specific people identified by a researcher of 
the Pacific Northwest Station of USFS, who is also the chair of Case Study Steering Committee of the FORSYS 
Action. 
Based on the authors' knowledge of the processes, five key actors were identified for interviews. Two people 
were chosen for the EMDS case: the principal scientist behind the OWNF restoration strategy and the lead modeler 
for applying EMDS to OWNF restoration strategy. Three people were identified in relation to the VDDT case: the 
regional analyst of the USFS, who provided technical support to the silviculturalist of the OWNF interdisciplinary 
team (ID team), which had used VDDT for the revision of the NFP; a vegetation modeling specialist of the Institute 
for Natural Resources, who worked in the Integrated Landscape Assessment Project (ILAP) to develop models using 
VDDT for the Pacific Northwest Region and gave support to the ID team of the OWNF; and the ID team leader of 
the OWNF plan revision, who coordinated the analyses involved in the revision of the forest plan and the 
application of VDDT results. 
Subsequently, different questionnaires were elaborated each one built for the specific people identified. Each 
interview was structured with a custom set of open-ended questions. Custom questions were designed to gather the 
specific knowledge of each person's role involved in the forest planning, while open-ended questions allowed people 
to describe their experience in the use of the DSS more freely. Interviews were conducted during the month of June 
2012. Each interview was recorded and later transcribed. 
Lastly, the interview transcripts were analyzed and coded using a two-part qualitative theoretical framework to 
identify the lessons learned from the application of the decision support systems in the OWNF planning. 
Our first objective was to understand how the VDDT and EMDS decision support systems were used for forest 
management planning, and the second was to analyze and determine which factors most contributed to the main 
outcomes from using the systems, considered in light of the information collected in the literature review about the 
success of DSS. 
2.2. Study context: the US National Forest System and the Okanogan-Wenatchee National Forest (Washington 
State) 
The establishment of national forests in United States began in 1891. In 1905 the USFS was established and took 
over management of what has become known as the National Forest System (NFS). Today in the US there are 155 
national forests, of which 16 are included in the Pacific Northwest regional area of the USFS. Each national forest is 
required to have a strategic plan (Land and Resource Management Plan - LRMP - also known as NFP), and to revise 
this plan when conditions have changed substantially, or typically on a 10- to 15- year cycle. 
The OWNF is one of the largest national forests of the Pacific Northwest Region, encompassing 16,187 km2 
(almost nine percent of the surface area of Washington state). It extends across the North Cascades mountain range, 
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extending 290 km from the Canadian border on the North to the Goat Rocks Wilderness on the South. Due to this 
wide geographic range, the landscape - and consequently the vegetation types - is very diverse: this varies from the 
glaciated alpine peaks located in the north through deep and lush valleys on the west side, to the dry slopes on the 
eastern edge of OWNF. Elevations range from under 300 to over 2,700 m. Precipitation varies from more than 1,800 
mm, along the crest, to less than 250 at its eastern edge. This greatly affects the Forest and vegetation types across 
the area. 
For at least 20 years, scientists and managers associated with the OWNF have observed that the Forest has 
become more susceptible than the historical norm to uncharacteristic severe fires and to epidemic levels of insects 
and disease. Moreover, the typical habitats of the late-successional forests are declining: in fact, large and old trees, 
that are the basis of many wildlife habitats, are few in number [8,9,10]. In addition, infrastructure, such as the 
OWNF’s road network, affects the conditions of aquatic ecosystems and is expensive to maintain [11]. Climate 
change is another stressor on the sustainability and resiliency of the forested ecosystems [10,12,13]. 
In 2004, the process of NFP revision for the OWNF began, following on the previous plan which had been in 
place for the 20 previous years [14]. It is expected that the new plan will be finalized in 2014. Planning is done by 
the ID team of specialists from the Forest staff (wildlife biologist, fishery biologist, plant ecologist, silviculturalist, 
recreation lead, GIS analyst, etc.), under the supervision of an ID team leader and ultimately the forest supervisor. 
Additional technical support and oversight was provided by the USFS regional office. In particular, the regional 
analyst has provided technical support to the ID team silviculturalist in the use of the VDDT. 
Considering that the restoration of landscape resiliency was needed on the OWNF, a process for an integrated 
evaluation of forest landscapes, setting the context and priorities for restoration treatments [11], started early in the 
2009 planning revision process. 
A restoration strategy identifies treatments that can incrementally return the ecosystem to a state that is within the 
natural variability [15], as evaluated by landscape departure metrics, which indicate the difference between the 
current composition and structure of vegetation and estimated historical conditions [16]. Typical practices used in 
restoration are thinning of uncharacteristically dense stands, and the controlled burning of small trees and shrubs 
that can contribute to large, severe fires. 
Decision support tools were used both for the forest plan revision and for the restoration strategy development on 
the OWNF. In the USDA FS, the use of DSS for forest planning purposes has a relatively long history and tradition. 
DSS have played a prominent role in the implementation of forest management since the early 1980s. However, 
whereas early systems were typically designed to address relatively simple management questions, modern systems 
are increasingly being called upon to address the challenges posed by issues surrounding forest ecosystem 
management, sustainable forest management, and adaptive management [17]. Two such modern systems were used 
to provide support for planning and evaluation on the OWNF. VDDT has been used for the revision of the OWNF 
plan, while the EMDS system has been used for analysis and planning related to restoration, focusing on the 
portions of the Forest where concerns with forest sustainability and resiliency have been most greatly documented 
[18,19,20]. 
3. Results 
3.1. Specific objectives for the VDDT modeling in the OWNF plan revision 
The latest NFP revision for the OWNF began in 2004. In its latest iteration, the planning effort used a consistent 
set of vegetation models that were developed using VDDT for Oregon and Washington states by the concurrent 
research project ILAP [21]. These vegetation models, consistent with national and regional vegetation mapping and 
classification standards, were further refined during six months of work by the OWNF silviculturalist, with the 
support of ILAP modelers and the USFS regional analyst, to better reflect local conditions. The silviculturalist used 
spatial data (potential vegetation types, ownership-management, and watersheds) to define unit areas and to 
reclassify vegetation composition and structure (previously classified by the Gradient Nearest Neighbor method in 
the ILAP) into the seven structural classes defined by [22]: stand initiation, stem exclusion open canopy, stem 
exclusion closed canopy, understory re-initiation, young forest multi-strata, old forest single strata, and old forest 
multi-strata. 
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The spatial resolution used in the VDDT modeling for the OWNF plan revision is consistent with the resolution 
of the vegetation model produced within the ILAP, that is to say 30x30 m. The spatial unit of analysis is the 
watershed that can range from 150 km2 to 1000 km2, with an average size of about 400 km2. 
The specific objectives for the VDDT modeling in OWNP revision were (Shlisky, interview on 2012): 
x analysis of the relationship between timber volume quantity represented by any of seven structural classes 
using timber volume models; 
x evaluation of the cost variation of different silvicultural treatments; 
x estimation of costs and revenues, primarily related to timber harvesting associated with the states-and-
transitions under different alternative management scenarios; 
x analysis and computation of the long term sustained yield (LTSY) into the foreseeable future; and 
x evaluation of resource value of wildlife habitats. 
As of September 2012, the planning and modeling process was ongoing. A draft plan is expected in mid 2013, 
and a final plan in 2014. 
3.2. Use of VDDT in the OWNF plan revision 
The original planning efforts - in the 1980s and early 1990s - of the USDA FS in the Pacific Northwest Region 
aimed to meet goals and objectives to maximize net public benefit from various forests outputs, and for this reason 
the first round of forest plans were developed using decision support tools working in a deterministic way using a 
linear programming approach (FORPLAN DSS, later Spectrum) to choose the best mix of management options with 
the goals of meeting specific objectives [23]. 
Since the 1990s, however, the objectives of the forest management planning have changed because of a shift in 
social values, from timber production to recreation, conservation, and restoration. These changes led to an 
adjustment in the approach of the analysis (Shlisky, interview on 2012), which has moved to a stochastic simulation 
approach using the VDDT, throughout the entire Pacific Northwest Region. Moreover, since VDDT was developed 
for the Interior Columbia Basin Ecosystem Management Project [24], a project started in 1994, there was a long 
history behind its application (Shlisky, interview on 2012). Furthermore, it had been peer-reviewed, was in use for 
many years, and was well-accepted among the forest managers (Hartzell, interview on 2012) as a system for 
supporting the decision in the OWNF plan revision. 
VDDT is a modeling system, designed to predict future vegetation for different vegetation groups [25]. 
Vegetation in forested landscapes are areas classified by continuous variables (i.e. canopy cover, leaf-area index, or 
basal area), or by categorical variables (i.e., structural stage or species type), or by a mixture of the two [25], that in 
VDDT terminology are called “state classes” [26]. In particular, a state class in VDDT is a unique combination of 
canopy cover type and structural stage. 
VDDT is a non-spatial modeling system because it predicts the changes in land area for vegetation classes [25], 
differently from a spatial modeling system that tracks the specific places that are in the vegetation classes. Changes 
in classified vegetation can be thought of in terms of pathways of vegetation development. Considering a classified 
unit of area, a “cell” according to VDDT terminology [26], this can move from class to class following specific 
trajectories and times that represent the transition time required to convert from one class to another (Fig. 2). 
 
Fig. 2 An example of pathway of structural stage development (from Barrett, 2001) 
Pathways can be deterministic (changes occur in absence of any probabilistic transition) or stochastic (changes 
occur in presence of various natural and anthropic disturbance agents, i.e. fire, climate, insect, disease, etc., and 
management interventions, i.e. tree harvests, thinning, prescribed burning, etc. the likelihood of which is defined by 
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probabilities based on expert knowledge), and either single or multiple. In each case, they are described using 
diagrams (Fig. 3) and transition matrices in VDDT. 
 
 
Fig. 3 – An example of Transition Pathway Diagram (TPD) in VDDT 
The modeling system uses the Monte Carlo method to simulate the changes of the cells (initially assigned a class 
and age): for each time step (the number of years in which simulate the changes) and for each cell, VDDT simulates 
the probability (transition probability) that each natural and/or anthropic disturbance agent has to determine the 
transition from the current state to another. The decision about which transition will occur is based on a random 
draw from a uniform distribution between 0 and 1 that VDDT makes [26]. If that random draw is less than the total 
of all transition probabilities for the current class of the considered cell, then a transition occurs for that cell. Since 
the modeling system is not spatial and no neighborhood interrelations are taken into account, transition probability is 
independent of the state of the neighboring cells, hence the DSS does not simulate contagion in space. 
3.3. Lessons learned from the use of VDDT 
The lessons learned pointed out by the regional analyst, lead modelers, and forest managers concern: 
x the data needed for the modeling; 
x the use of the tool and the expertise needed to run the tool; 
x the models' level of resolution; 
x the communication between the modelers of the OWNF (in practice, the silviculturalist who adapted the 
ILAP models to the local conditions) and the stakeholders involved in the forest planning. 
When the members of the ID team start to run VDDT, they need to be aware of uncertainties in terms of data 
availability, and try to make them transparent or to increase the confidence about the parameters needed for the 
model-building when following stochastic pathways (i.e., climate-change data). In fact, parameterizing forest 
growth models with the effects of disturbances is difficult because of many knowledge gaps, meaning that many 
expert assumptions are required (Shlisky, interview on 2012). 
The phase of model parameterization must be an iterative process with experts, including soliciting and the ID 
team members must solicit them for the parameters, running the model, showing them the resulting model behavior, 
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and soliciting further adjustments (Hartzell, interview on 2012). Besides the use of parameters coming from experts, 
the modelers of OWNF should use empirical data from field studies, as available. If the results from the model 
building do not correspond to the ID team’s expectations, in particular, the modeler, they might be suspicious about 
the parameters and initial data inputs. Some adjustment in VDDT structure should be allowed, in particular the local 
modelers must be able to review and modify the input data to make the models consistent with local knowledge, in 
order to maintain the credibility of the modeling (Shlisky, interview on 2012). 
Due to the relevant modeling expertise required for use of VDDT, and because forest planning is a process that 
occurs at large temporal intervals (e.g. 10 or 15 years), it can be difficult to maintain this expertise locally. 
Therefore, it is necessary that more people with the appropriate expertise in the Pacific Northwest Region of USFS 
work with the ID team members in order to solve the local modeling problem (Hartzell, interview on 2012). 
In regards to the state classes used in the model, there seemed to be a different point of view between the 
modelers of ILAP on one side and the OWNF managers and the regional analyst of USFS on the other side. OWNF 
managers and the regional analyst of USFS feel the need to build local models, while the ILAP modelers feel that 
too much specificity of the models developed for forest plan revision makes them less useful for a broader array of 
management decisions (Christopher, interview on 2012). In this case, the vegetation models developed by modelers 
within the ILAP were simplified to better fit local forest planning needs (Shlisky, interview on 2012).Spatial 
resolution was also an issue: before beginning to use VDDT, the ID team members should plan for the possible 
tension between wanting to get a finer-scale analysis – in terms of spatial resolution – while staying within the 
objectives and resources of the planning effort.  
A number of lessons learned were voiced about the communication between the ILAP modelers, the ID team 
modelers, the forest managers, and the stakeholders involved in the forest planning. First of all, liaison between ID 
team modelers and managers is essential in order for the whole process to be fruitful. But also ILAP modelers, who 
supported the modeler of ID team, should have better awareness of the objectives of the model building before 
starting the modeling process. An interactive and iterative process between the ILAP modelers and ID team modeler 
(the silviculturalist) is needed to determine the modeling outputs required by the other resource specialists involved 
in the forest planning process (Shlisky, interview on 2012). Finally, given the many assumptions necessary for forest 
modeling, it might be wise to involve stakeholders early in the process, so that these assumptions are not challenged 
after the completion of the analysis (Shlisky, interview on 2012). 
3.4. Specific objectives for the EMDS modeling in the OWNF restoration strategy 
While the restoration strategy considers the whole Forest, the OWNF restoration activities are planned and 
executed at the scale of subunits called districts. There are six are districts on the OWNF:  Methow Valley Ranger, 
Chelan Ranger, Entiat Ranger, Wenatchee River Ranger, Cle Elum Ranger and Naches Ranger. Each district is still 
quite large, so potential restoration activities need to be strategically located. 
EMDS was used to do landscape evaluations in areas ranging from 80 to 200 km2, and then to locate high priority 
potential landscape treatment areas (PLTAs) within these units. For many years, developers focused on developing 
EMDS applications downsized to stand-level from the original landscape-level approach used in the first versions of 
the tool; today, EMDS users can actually look at sizes of patches of landscapes that are more meaningful to the 
forest managers (Dickinson, interview on 2012). 
EMDS was used for the following specific activities of the process of landscape assessment: evaluating landscape 
patterns and departures with respect to specific climate conditions (natural range and future range of variation 
conditions), determining landscape and patch scale fire danger, identifying key wildlife habitat trends and 
restoration opportunities, identifying aquatic/road interactions, evaluating the existing road network, and identifying 
PLTAs. 
3.5. Use of EMDS in the OWNF restoration strategy 
A team of 11 resource specialists undertook the OWNF restoration strategy. One of the team members, a scientist 
at the USFS Wenatchee Forestry Sciences Laboratory, championed use of the EMDS system (originally developed 
by the USFS, but currently developed and maintained by The Redlands Institute, University of Redlands) for 
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analysis and planning related to the forest restoration strategy, because the system is extremely useful for taking 
complex problems and integrating their numerous facets. In fact EMDS is not a decision support system in the 
conventional sense, but is rather a set of tools that can be used to build customized applications for decision making 
[27]. For more than 30 years, the Wenatchee Forestry Sciences Laboratory worked closely with the managers of the 
Eastern Washington Forests with the strong motivation that the forest managers needed to stay consistent with the 
available science (Hessburg, interview on 2012). This working method became a modus operandi of the forest 
managers in the Pacific Northwest Region. 
The restoration strategy consists of two main stages: the landscape evaluation, which might be based on a set of 
ecological indicator measures (key variables meaningful at the landscape scale) compared with reference conditions 
for those same indicators [28], and the planning phase that integrates reasonable responses to address the problems 
revealed from the evaluation stage. 
EMDS was explicitly designed to support these two stages of planning. In fact, the users construct the analysis 
using the spatial themes (vegetation condition, landscape fire movement, wildlife habitats, aquatics, road network) 
that will enter into an assessment, and construct knowledge-bases that describe relations among ecosystem states 
and processes of interest to the assessment [29]. 
Specifically, the knowledge-base development environment is provided by NetWeaver, a Windows® dynamic 
link library (DLL) developed by Rules of Thumb (Inc., North east, PA, US), and processed in an ArcGIS (Esri, 
Environmental Systems Research Institute, Redlands, CA, US)1 extension. The planning responses are elaborated by 
the decision engine Criterium Decision Plus® (CDP, InfoHarvest, Seattle, WA, US), that evaluates the NetWeaver 
outcomes and other data related to feasibility and efficacy of land management actions against a CDP decision 
model. For an overview of key EMDS components and their role in decision support, refer to [28]. 
3.6. Lessons learned from the use of EMDS 
The lessons learned coming from the experience of EMDS usage for the OWNF restoration strategy concern 
mainly: 
x the system’s usefulness; 
x application development and models’ characteristics; 
x use of the application; 
x the system’s innovations. 
EMDS was found to be extremely useful in helping to structure thinking about complex problems and processes, 
integrating them one facet at a time, and then critically testing the way people think the system works. The more a 
system can interpret and automate a process with which managers are familiar, the more the application will be 
understandable to managers (Hessburg, interview on 2012). 
The success of EMDS is due to its approach to application development and its models’ characteristics: EMDS 
comes from a development process that included the prioritization of sub-problems. In practice, EMDS applications 
are built incrementally because conceptual problems are often so large they are difficult to model. Starting with a 
simple model helps to build understanding and acceptance by user/stakeholders, and it also keeps model 
development feasible. Another strength of EMDS is that it supports design of applications for a wide variety of 
scales, so the users can set strategic priorities and link these to the tactical scale (Hessburg, interview on 2012). 
A convenient and helpful habit in running EMDS is to start out with a demonstration model that helps experts 
giving input understand how the model works. In addition, sensitivity analysis can be used at the beginning of the 
process to help subject experts parameterize the model and reduce the amount of iteration needed in the model 
building process (Hessburg, interview on 2012). 
On the decision side, EMDS can support the iterative process of using data to inform decision making. Moreover, 
it allows the users to evaluate the status of the system in the context of other social-economic feasibility or efficacy 
criteria for management, so it seems like a practical platform for management (Hessburg, interview on 2012). 
Finally, it was found that an effective strategy for getting the best available science into forest management 
decision making is to have staff positions that are shared between research and management (Hessburg, interview on 
2012). 
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4. Conclusions 
This article presented lessons learned from two case studies about the application of FMDSS to two particular 
problems: the use of VDDT for the prediction of forest conditions through a stochastic simulation approach, and the 
use of EMDS for a multicriteria assessment and prioritization of landscape resiliency on the OWNF. 
Both systems were positively evaluated in general terms by the users and managers, and important lessons were 
gleaned by these case studies, related to the perspectives of the analysts, managers, and system developers. 
The systems analyzed here can be considered successful from the managers’ perspective because they have been 
in use for many years, have been peer-reviewed, and have been well accepted by the forest management community. 
The primary concerns of analysts relate to the amount of data needed in the modeling process and the 
computational phases. From their perspective, the two systems were successful because they integrate the requisite 
amount of data needed to describe complex problems, and they also provide synthesis to support the forest managers 
in decision making. Particular attention must be paid to the data needed to run the systems and to the confidence 
about the parameters needed for the model-building, however. 
Because these case studies of the EMDS and VDDT systems were conducted on applications developed in the 
US, a few comments are in order concerning the general use of these systems in the European context of the 
FORSYS COST Action. Most importantly, neither system is geographically specific, and each would be applicable 
to the European context. In the case of VDDT, for example, it is up to the analyst to define the relevant vegetation 
states, transitions between states, and the roles of disturbance agents in influencing state transitions, so VDDT is a 
very general solution framework for modeling landscape vegetation dynamics regardless of geographic context. 
Similarly, EMDS is a very general solution framework for supporting environmental analysis and planning, because 
the questions addressed, the associated models used to evaluate them, and the choice of spatial scale and data 
requirements are all determined by the analyst. To get a good sense of the very broad applicability of EMDS, 
readers can review the EMDS page on Wikipedia, which is located at 
http://en.wikipedia.org/wiki/Ecosystem_Management_Decision_Support. 
Through this study, our primary goal was to contribute to the identification of lessons learned that may be used 
during future FMDSS development and use. The process to systematize empirical guidelines for assisting 
developers and users of FMDSS, within the FORSYS Action, will establish a knowledge repository built on a web-
based platform that will be freely available and useful to the forestry community worldwide [30]. 
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